Quality characteristics of bisir 'Barhee' dates during cold storage as affected by postharvest dipping in gibberellic acid, naphthaleneacetic acid and benzyladenine.
Introduction
The consumption of fruit and vegetables is widely regarded as important and good for health. Indeed, date palm fruit possesses antioxidant and antimutagenic properties in vitro [1] and this is due, partly, to its high content of polyphenolic compounds, important dietary constituents [2] . Date palm is the most successful and an extremely important subsistence crop in most of the arid hot regions [3, 4] .
All edible cultivars of date pass through five distinct stages of development and ripening. These stages are designated by Arabic terms and used universally: hababouk, kimri, bisir or khalal, rutab and tamer are used to represent, respectively, the cell division, cell elongation or the immature green, the mature firm full-colored, the soft brown and the hard raisin-like stages of development. Generally, whole dates are harvested and marketed at three stages of their development; mainly bisir or khalal, rutab and tamer, depending on cultivar characteristics, especially soluble tannin level, climatological conditions and market demand [4] [5] [6] .
There is a growing demand in the international market for excellent-quality dates of cultivars such as 'Barhee', 'Medjool', 'Deglet Nour', 'Hayany' and 'Zaghloul' [3, 6] . 'Barhee' is a mid-season cultivar extensively cultivated in the Gulf region. 'Barhee' dates are different than other cultivars in which fruit are marketed and consumed fresh at the mature full yellow (bisir) stage as a crispy apple-like fruit due to low contents of soluble tannins [3] . At the rutab stage (ripening), fruit become softer and sweeter but their market value decreases.
Under the conditions of the Kingdom of Saudi Arabia (KSA), 'Barhee' dates reach the bisir stage during the extremely hot dry summer (early to mid-July). After harvest, fruit ripen rapidly, especially in ambient conditions, and thus lose much of their marketing value. The ability to control fruit ripening following harvest and thus prolong shelf life is a critical requirement in order to market the harvested bisir fruit with minimal physiological and physical disorders. Generally, there is little literature information on storage of 'Barhee' dates or on other cultivars that are especially consumed at the bisir stage. It is well known that hormones have an important role in fruit maturation and ripening [7] . Ethylene is effectively connected with fruit maturity, ripening and postharvest softening of especially climacteric fruits [8, 9] . At early ripening stages of the 'Negros' date palm cultivar growing in Spain, a small peak in ethylene production was detected followed by a peak in the respiration rate, suggesting that date could be considered as a climacteric fruit, with ethylene being responsible for the ripening processes [10] . Preharvest ethrel application increased ripening of 'Helali' dates, while ABG-3168 (an ethylene blocker) at 3.33 g·L -1 inhibited ripening, suggesting a role for ethylene in the ripening process [4] . Cold storage inhibited fruit ripening and prolonged shelf life of bisir 'Zaghloul' dates compared with ambient conditions [11, 12] . Low fruit calcium levels have generally been associated with reduced postharvest life and increased physiological disorders of apples and pears [13] . Calcium has also been utilized in preharvest and postharvest treatments for prolonging the bisir stage of 'Zaghloul' dates during storage in either ambient or refrigeration conditions [11, 12] . However, pre-and postharvest treatments with 0.5-6% (w/v) calcium chloride solution failed to extend shelf life of bisir 'Barhee' dates during storage in ambient conditions and cold storage [6] . The application of GA 3 on dates at the kimri stage increased fruit size and yield per tree but delayed fruit ripening and induced a high variation in ripening within the one bunch [14, 15] . Preharvest application of NAA at (40 and 60) mg·L -1 on 'Zahdi' dates 15-16 weeks after pollination (late kimri stage) increased fruit size and delayed ripening by one month [16] . The application of NAA at (50 and 100) mg·L -1 on 'Sewy' dates at 10-30 days following the fruit set stage increased fruit drop and decreased yield but improved fruit weight and quality compared with control [17] . The application of NAA or a mixture of growth regulators (NAA, GA 3 and ethephone) on 'Khenazi' dates at 20 days following pollination delayed fruit ripening for one month, decreased dry matter, and increased fruit weight and yield per tree [18] . Also, the application of benzyladenine (BA) and other cytokinines effectively delayed ripening of apples and other fruits [19] .
We assumed that the postharvest dipping of bisir 'Barhee' dates in growth regulators might eliminate the negative aspects of the preharvest application concerning the uniformity of fruit ripening. Therefore, the objective of our study was to evaluate the effect of postharvest dipping of bisir 'Barhee' dates in GA 3 , BA and NAA on fruit quality characteristics during cold storage as an attempt to inhibit ripening and prolong shelf life.
Materials and methods

Plant materials and experimental procedure
In the 2010 growing season, sound bisir 'Barhee' dates were harvested (July 7) from uniform trees originated from offshoots and growing at the research farm of the College of Meteorology, Environment and Arid Land Agriculture in Hada Al-Sham region, KSA. Fruit samples were subjected to one of the growth regulator dipping treatments as follows: GA 3 at (50, 100 and 150) mg·L . A control treatment was included in which the fruits were dipped in water. Each treatment was replicated three times (300 fruits per replicate) as a factorial experiment in a complete randomized block design. A non-ionic wetting agent (Tween 20 surfactant) at 0.01% was added to all treatments.
The treated fruits were kept in perforated (10 perforations) plastic boxes in a refrigerator [(1 ± 1)°C and 90-95 RH]. During storage the number of ripe (rutab) fruit was periodically recorded and expressed as a percentage. Fruit that showed softening for about 10% (visually estimated) of its total area was considered rutab/ripe. The percent of weight loss was calculated on an initial weight basis.
At harvest, additional fruit samples (20 fruit each) were collected for initial quality measurements. Samples of bisir fruit (10 fruit each) were periodically withdrawn during storage for quality measurements [total soluble solids (TSS) contents, acidity, vitamin C, total phenols and soluble tannins].
TSS, acidity and vitamin C determinations
A homogeneous sample was prepared from these 10 fruits per replicate for measuring TSS, acidity, vitamin C, total phenols and soluble tannins. Five grams of fruit tissue (including skin and flesh) was homogenized with 10 mL of distilled water (for measuring TSS and acidity) or with 10 mL of oxalic acid (for measuring vitamin C) in a blender and then centrifuged. The supernatant was collected and used as fruit juice, considering the dilution factor. TSS were measured as Brix % in fruit juice with a digital refractometer (DR 6000, A. Kruss Optronic GmbH, Hamburg, Germany). Titratable acidity was determined in fruit juice by titrating with 0.1 N sodium hydroxide in the presence of phenolphthalein as an indicator, and the results were expressed as a percentage of malic acid [4] . Ascorbic acid (vitamin C) was measured by the oxidation of ascorbic acid with 2,6-dichlorophenol endophenol dye and the results were expressed as mg·100 g 
Total phenol determination
Total phenols were measured according to Velioglu et al. [20] using Folin-Ciocalteu reagent. Two hundred milligrams of fruit tissue (including skin and flesh) were extracted with 2 mL of 50% methanol for 2 h with shaking at ambient temperature. The mixture was centrifuged for 10 min, and the supernatant was decanted into 4-mL vials. Then, 200 µL of the extract was well mixed with 1.5 mL Folin-Ciocalteu reagent (previously diluted ten-fold with distilled water) and allowed to stand for 5 min at ambient temperature. 1.5 mL of 20% sodium carbonate was added. After 90 min, absorbance was measured at 750 nm using a UV-Vis spectrophotometer. The blank contained only water and the reagents. Total phenols were quantified from a calibration curve obtained by measuring the absorbance of known concentrations of gallic acid.
Soluble tannin determination
Soluble tannins were measured according to Taira [21] . Five grams of fruit tissue (including skin and flesh) were homogenized with 25 mL of 80% methanol in a blender and then centrifuged. The supernatant was collected and the precipitant was re-extracted with 80% methanol and centrifuged. The combined supernatant was brought to 100 mL with distilled water. Then the 1-mL sample solution was mixed with 6 mL distilled water and 0.5 mL Folin-Ciocalteu reagent (previously diluted ten-fold with distilled water). After exactly 3 min, one mL of saturated sodium carbonate was added. Then 1.5 mL distilled water was added and mixed well (total, 10 mL) and then left for 1 h at ambient temperature before measuring absorbance at 750 nm using a UV-Vis spectrophotometer. The blank contained only water and the reagents. Soluble tannins were quantified from a calibration curve obtained by measuring the absorbance of known concentrations of gallic acid.
Statistical analysis of data
The obtained data were statistically analyzed as a factorial experiment in a complete randomized block design with three replicates by analysis of variance (ANOVA) using the statistical software package SAS (SAS Institute Inc., 2000, Statistical Software, Cary, NC., USA). Comparisons between means were made by the F-test and the least significant differences (LSD) at P = 5%.
Results
Observing the main effects of GA 3 , BA and NAA dipping treatments and the storage period on the quality characteristics of bisir 'Barhee' dates during cold storage, we can note that the TSS concentration was significantly lower in the BA-and NAA-treated fruit at the different levels than in control fruit (table I) . However, the GA 3 -treated fruit only at 150 mg·L -1 contained a significantly lower TSS concentration than control. The lowest TSS concentration was detected in the BA-treated fruit at (40 and 60) mg·L -1 .
The concentration of titratable acidity was not significantly affected by any of the growth regulators used. The GA 3 at 150 mg·L -1 , BA at 60 mg·L -1 and NAA at (100 and 150) mg·L -1 significantly increased vitamin C concentration (3.11 mg·100 g -1 ) compared with all other treatments including the control. The total phenol concentration was not significantly affected by any of the growth regulators used. However, the soluble tannin concentration was significantly higher in the BA-treated fruit only at 20 mg·L -1 than in control fruit. The loss in weight percentage was significantly lower in the BA-treated fruit at 60 mg·L -1 compared with all other treatments, except for the BA treatment at 20 mg·L -1 . However, the GA 3 and NAA treatments at all concentrations had no significant effect on the weight loss percentage, except for the GA 3 treatment at 50 mg·L -1 , that significantly increased the weight loss percentage compared with control. The rutab percentage, as an index for fruit ripening, was significantly decreased by the GA 3 at all concentrations compared with control. Also, the BA at 40 mg·L -1 and the NAA at 150 mg·L -1 significantly decreased the rutab percentage compared with control (table I) .
Regarding the effects of the storage period, the TSS concentration significantly decreased during storage from the initial day to day 20. However, there were no significant further decreases in the TSS concentration after (40 and 60) days of storage. The acidity concentration slightly but significantly increased during storage. The vitamin C concentration significantly increased during storage of (20 and 40) days, but slightly decreased after a period of 60 days of storage. The total phenol concentration significantly decreased after (40 and 60) days of storage compared with the initial level. The soluble tannin concentration slightly increased at day 20 and then sharply decreased after (40 and 60) days of storage compared with the initial level. Both the total weight loss and the rutab percentage gradually and significantly increased during the storage period (table I) . Some significant interaction effects on quality characteristics of bisir 'Barhee' dates were found between the growth regulators used and the storage period (table II-V).
The TSS concentration was significantly lower in the BA-treated fruit at 40 mg·L -1 during the different storage periods than in control fruit. However, the GA 3 -treated fruit at 150 mg·L -1 showed a lower TSS concentration at (20 and 40) days of storage than fruit of control. At 40 days of storage, the NAA-treated fruit at all concentrations contained a significantly lower TSS concentration than control fruit. The TSS concentration slightly, but significantly, fluctuated during the storage period in most treatments (table II) .
The concentration of vitamin C in the GA 3 -treated fruit at 50 mg·L -1 was lower after 40 days of storage than in control fruit. Means within each column followed by the same letter are not significantly different at the level P ≤ 0.05.
*, **, significant at P ≤ 0.05 and P ≤ 0.01, respectively.
(NS), Not significant; (-), not calculated.
A.D. Al-Qurashi, M.A. Awad However, at 150 mg GA 3 ·L -1 , it was higher after 60 days of storage than in control fruit. During storage, the concentration of vitamin C in most treatments including the control tended to increase from day 0 to day 40 and then decreased at day 60 to a level close to the initial level (table III) .
The total weight loss percentage significantly increased during storage (table IV) . There were no significant differences among the treatments in weight loss percentage after both (20 and 40) days of storage, except for the GA 3 -treated fruit at 50 mg·L -1 , that showed higher weight loss than control fruit. However, after 60 days of storage, the BA-treated fruit at both (20 and 60) mg·L -1 showed a significantly lower loss in weight than control fruit (table IV) .
Fruit ripening as measured by the rutab percentage generally increased during storage in all treatments (table V). After both (20 and 40) days of storage, there were no significant differences in the rutab percentage among fruit of the all treatments. However, after 40 days of storage, both the GA 3 -treated fruit at 150 mg·L -1 and the BAtreated fruit at 40 mg·L -1 showed a significantly lower rutab percentage than control fruit (table V) . After 60 days of storage, the GA 3 -treated fruit at 50 mg·L -1 developed a lower rutab percentage than control fruit.
There were no significant interaction effects between growth regulators and storage period for the concentration of titratable acidity, total phenols and soluble tannins.
Discussion
Our results showed that, to some extent, postharvest dipping in GA 3 , BA and NAA inhibited the ripening and slightly improved quality of cold-stored bisir 'Barhee' dates. This was reflected by the slight but significantly lower TSS concentration, especially in the BA-and NAA-treated fruit, as well as at the highest level of GA 3 application (table I) . The treated fruit retained a mostly higher concentration of vitamin C than control fruit. Also, the rutab percentage among treated fruit was significantly , and NAA at 150 mg·L -1 compared with control and other treatments (table I). The concentration of both titratable acidity and total phenols was not significantly affected by any of the applied treatments (table I) .
During the 60 days of storage, the TSS, acidity and vitamin C concentration, and fruit weight loss and rutab percentage increased, while the concentration of total phenols and soluble tannins decreased (table I) . A slight change in TSS and total sugar concentration in 'Barhee' dates as the fruit passed from the bisir to the rutab stage during cold storage has previously been reported by El-Rayes [23] . He also reported that the bisir 'Barhee' dates stored in regular cold storage (0°C) were totally discarded after 2 months. The decrease in total phenols and soluble tannins during storage as ripening advanced confirm the results of Sawaya [22] , Taira [21] and El-Rayes [23] . In our experiment, there were no consistent effects of the applied growth regulators on the measured quality characteristics of fruit for all storage periods (tables II-V), and no superior treatments that effectively inhibited fruit ripening and prolonged storability could be distinguished. Thus, the effectiveness of growth regulators in delaying date ripening, applied as postharvest treatments, seems relatively low in contrast to the preharvest application. Such lack of effectiveness might be due to the difference in the physiological age of the fruit at the time of application (i.e., kimri vs. bisir stage). A physiologically active stage known as the 'depressed period' during the early second sub-stage of the kimri stage was suggested as the most responsive stage to growth regulator treatments [16] . It was reported that the application of GA 3 on several date cultivars at the kimri stage delayed fruit ripening and induced a high variation in ripening within the one bunch [14, 15] . Also, the application of NAA at (40 and 60) mg·L -1 on 'Zahdi' dates at the late kimri stage increased fruit size and delayed ripening by one month [16] . Al-Juburi et al. reported that NAA or a mixture of growth regulators (NAA, GA 3 and ethephone) application on 'Khenazi' dates, 20 days following pollination, delayed fruit ripening [18] . Also, the application of benzyladenine (BA) and other cytokinines effectively delayed ripening of apples and other fruits [19] . Accordingly, the application of growth regulators at the late kimri stage would possibly inhibit ripening during the subsequent cold storage of the bisir 'Barhee' dates. Actually, storage of bisir 'Barhee' dates in modified atmosphere conditions with 20% CO 2 at 0°C has been reported to inhibit ripening and maintain quality for up to 170 days [23] . However, such a technique needs more research to confirm its effectiveness for storing bisir 'Barhee' dates with minimal quality losses.
Conclusion
Dipping the 'Barhee' dates harvested at the bisir stage in GA 3 , BA and NAA solutions at different concentrations showed slight effects on fruit quality characteristics and ripening during subsequent cold storage at 1°C. A preharvest spray of such growth regulators at an earlier developmental stage (e.g., the late kimri stage) and/or storage in modified atmosphere conditions are suggested for future research.
Calidad de los dátiles 'Barhee' en el estado bisir almacenados en frío tras inmersión post-cosecha en ácido giberélico, ácido naftaleno y benciladenina.
Resumen -Introducción. Existe una demanda creciente, en el mercado internacional, de los dátiles de calidad excelente, como lo son los del cultivar 'Barhee', consumidos en el estado bisir. Material y métodos. Durante su almacenaje en frío, con respecto a algunas de las características de calidad de los frutos, se estudiaron los efectos del tratamiento de dátiles 'Barhee', en el estado bisir mediante inmersión post-cosecha en soluciones de GA 3 , BA y ANA, de diferentes concentraciones. Resultados et discussion. La concentración de sólidos solubles totales (SST) en los frutos tratados con BA y NAA fue más floja que en los frutos testigo. Asimismo, los frutos tratados con 150 mg GA 3 ·L -1 mostraron una concentración de SST más floja que los frutos testigo. En relación con los otros tratamientos, aquéllos con 150 mg GA 3 ·L -1 , 60 mg BA·L -1 y (100 y 150) mg NAA·L -1 aumentaron la concentración de vitamina C de los dátiles. La acidez y la concentración de fenoles totales no se vio afectada por ninguno de los tratamientos. La concentración de taninos solubles de los dátiles tratados sólo resultó ser más alta que la de los frutos testigo, en los frutos tratados con 20 mg BA·L -1 . La pérdida de peso de los frutos tratados con (20 y 60) mg BA·L -1 fue inferior a la de los frutos de todos los demás tratamientos, mientras que el tratamiento con 50 mg GA 3 ·L -1 aumentó la pérdida de peso de los dátiles, en relación con los frutos testigo. El porcentaje de dátiles en el estado rutab (índice de maduración de los frutos) fue más flojo en los frutos tratados con GA 3 que en los frutos testigo. Además, este porcentaje fue más flojo en los frutos tratados con 40 mg BA·L -1 y 150 mg NAA·L -1 que en los frutos testigo. La concentración de SST disminuyó, desde el primer hasta el vigésimo día de almacenaje. Sin embargo, no hubo más descensos de esta concentración tras (40 y 60) días de almacenamiento. Se aumentó ligeramente la acidez durante el almacenamiento. La concentración de vitamina C aumentó hasta 40 días de almacenaje, después se produjo una ligera bajada. La concentración total de fenoles disminuyó tras (40 y 60) días de almacenaje, en relación con el nivel inicial. La concentración de los taninos solubles aumentó ligeramente hasta el vigésimo día, pero disminuyó fuertemente tras (40 y 60) días de almacenaje, en relación con el nivel inicial. La pérdida de peso de los dátiles y el índice de frutos en el estado rutab aumentaron progresivamente durante el almacenaje. Hubo interacciones significativas entre los reguladores de crecimiento y el período de almacenaje en la concentración de SST y de vitamina C, así como en el índice de pérdida de peso y en el de frutos en el estado rutab.
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